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“ We are treading too harshly on the earth 
and consuming and degrading too much of the 
planet. If we allow extinctions to happen 
through ignorance or greed (…) our world 
becomes less diverse and strikingly less 
beautiful and mysterious…Can the human 
spirit afford not to try (to conserve 
biodiversity)?” 
 
Citação do biólogo Rod Sayler no livro 
“Hope for animals and their world” da 
conservacionista Jane Goodall. 
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Resumo 
A espécie de peixe Astyanax bimaculatus foi artificialmente introduzida na lagoa do 
Violão, uma lagoa de latitude Amazônica, localizada na Serra dos Carajás/Brasil. 
Este peixe se tornou abundante na lagoa do Violão, porém é ausente nas lagoas 
próximas que possuem características similares, como é o caso da lagoa do 
Amendoim. Este buscou testar as previsões da teoria da cascata trófica, 
considerando os efeitos da introdução de um peixe, predador topo, nesses sistemas. 
Uma série de dados de variáveis bióticas amostradas no período de 2010 a 2013 nas 
lagoas do Violão e do Amendoim foi utilizada. Foi detectada diferença na 
composição da comunidade de zooplâncton, porém não foram observados efeitos 
consistentes em relação à estrutura desta comunidade. O fitoplâncton na lagoa do 
Violão apresentou maior riqueza e maior biomassa de clorofila-a As lagoas foram 
bastante diferentes considerando a estrutura e composição de macroinvertebrados, 
sendo que a comunidade da lagoa do Amendoim foi mais rica e mais abundante. As 
diferenças encontradas na escala de ecossistemas para os macroinvertebrados 
sugerem que os efeitos descendentes da translocação de A. bimaculatus são mais 
consistentes nas comunidades litorâneas do que nas planctônicas. Os resultados 
também indicam que A. bimaculatus tem o potencial de acoplar os habitats 
litorâneos e pelágicos através da reciclagem de nutrientes. Os resultados mostraram 
que as diferenças entre as lagoas se encontram dentro da descrição dos efeitos de 
peixes onívoros em sistemas aquáticos, dessa forma, considerar os efeitos da 
translocação de peixes em tais ecossistemas é essencial para preservar a 
biodiversidade local. 
 
Palavras-chave: Cascata trófica, translocação de espécies, estrutura de 
comunidades, invasões biológicas, onivoria 
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Abstract 
Astyanax bimaculatus was artificially introduced in Violão lake, an upland 
Amazonian lake located on Serra dos Carajás/Brazil. This fish became abundant 
there, but is absent across nearby fishless lakes with similar characteristics, as is the 
case of Amendoim lake. This study aimed to test predictions of food-web theory 
regarding effects of a top predator fish introduction in these systems. Data series of 
biotic variables sampled on both Violão and Amendoin lakes from 2010 to 2013 
were used. Lakes were very distinct regarding the structure and composition of 
macroinvertebrates, with communities being richer and more abundant in 
Amendoim lake. A difference on zooplankton composition was detected but no 
consistent effects were observed regarding zooplankton structure. Phytoplankton in 
Violão lake presented higher richness and chlorophyll-a biomass. Differences found 
at ecosystem-scale for macroinvertebrates community suggests descendent effects 
of A. bimaculatus translocation are more consistent in -littoral communities than on 
planktonic communities. Results also indicates that A. bimaculatus has potential to 
couple pelagic and littoral habitat trough nutrient recycling. Our results showed 
differences between lakes are within the description of omnivorous fish effects on 
aquatic systems and thus, considering the effects of fish translocation in such 
aquatic ecosystems is pivotal for preserving local biodiversity.  
 
Key-Words: Trophic cascade, species translocation, community structure, 
biological invasions, omnivory 
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Introduction 
 Although freshwater systems only comprise about 0.01% of total earth 
surface, those ecosystems hold proportionally a large fraction (9.5%) of world’s 
total biodiversity (Balian et al., 2007) and the maintenance of this biodiversity has 
been threatened through several ways (Dudgeon et al., 2006; Strayer & Dudgeon, 
2010; Heino et al., 2009). Species introduction is broadly recognized as one of the 
main threats to freshwater biodiversity (Miller et al., 1989; Sala et al., 2000; Rahel, 
2000; Agostinho et al., 2005; Dudgeon et al., 2006; Paolucci et al., 2013). In 
particular, it has been recently argued that impact of introduced species may still be 
underestimated since most studies do not consider translocated species, i.e. species 
introduced within their native biogeographical zone in localities where they did not 
historically occur, that can have impacts on diversity and community composition 
as strong as the impacts of exotic species (James et al., 2015; Matsuzaki et al., 
2013). 
From the moment a novel predator species is introduced into a system, it can 
establish interspecific relationships with native biota and change the structure of 
interactions occurring in this system, which in turn, can lead to significant influence 
on pre-existent community abundance, richness and composition (Dodson, 1992). 
Introduced species can modify ecological patterns in a variety of ecological scales, 
from individual (behavior and morphology) and population level (abundance) to 
communities (richness and trophic structure) and ecosystems (nutrient dynamics, 
primary production) (Ricciardi & MacIsaac, 2011; Paolucci et al., 2013). Those 
interferences can occur due to mechanisms as competition, habitat modification, 
endemic species extinction, predation and indirect interactions such as those 
reverberating in trophic cascade effects (Moyle, 1976; Rahel, 2002; Ricciardi & 
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MacIsaac, 2011; Zaret & Paine, 1973). Freshwater trophic cascades have been 
mostly described for planktonic communities and occur when a predator exert a 
strong indirect effect on plankton community structure and productivity (Carpenter 
et al., 1985; Vanni & Findlay, 1990). Top predators, such as fish, can exert a 
particularly important force in structuring planktonic communities through size-
selective predation (Carpenter & Kitchell, 1984), which is ubiquitous in freshwater 
communities (Boukal, 2014). It can influence zooplankton community by impacting 
their abundance, species composition and size structure, which in turn can have 
combined positive effects on phytoplankton community (Carpenter et al. 1987; 
Vanni & Findlay, 1990). 
The trophic cascades theory and the complexity of its underlying 
mechanisms (bottom-up and top-down controls), as well as their effects on 
biological communities, have been extensively discussed in ecological literature 
(Carpenter, 1985; Polis & Holt, 1992; Vanni & Layne; 1997, Vanni, 2002; Menezes 
et al., 2010), but the prevalence and strength of trophic cascades mediated by 
omnivorous fish remains elusive (Vanni et al., 2005; Bascompte et al., 2005; 
Thompson et al., 2007). Omnivorous fish can affect trophic interactions of an 
aquatic system in a myriad of ways triggered by top-down (predation) and bottom-
up (nutrient recycling) mechanisms (Carpenter & Kitchell 1984; Schindler et al., 
1993; Vanni & Layne, 1997; Vanni, 2002; Salazar-Torres et al., 2015). According 
to Vanni & Findlay (1990), those mechanisms can be summarized in two basic 
routes: the direct effects of fish predation, excretion and egestion of nutrients and 
the indirect pathway, throughout changes in zooplankton grazing rates and 
zooplankton nutrient cycling influenced by changes in zooplankton community 
structure and composition (Vanni & Findlay, 1990). 
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Despite the complexity of pathways throughout omnivorous fish effects may 
affect aquatic systems, the responses of aquatic communities to the effects of 
omnivory were described in models developed by Polis & Holt (1992). Those 
models predicted that intermediate consumers would be negatively affected by 
omnivorous (top consumers) while resources would be positively affected. 
However, in a literature review conducted by Diehl (1993), where experimental 
studies were analyzed, predictions of the model flawed as showed that most of 
studies had negative or neutral impacts of omnivorous fish on resources abundance. 
In this study we attempted to evaluate the predictive power of the food-web 
theory establishing the potential effects of fish introduction in a lake community 
comparing two nearby upland Amazonian lakes (Amendoim and Violão lakes). The 
species Astyanax bimaculatus is a native fish species from the Amazonian river 
basin and was artificially introduced in the past in Violão lake, an originally fishless 
lake located at Serra dos Carajás. This voracious omnivorous species is a visual 
predator that is able to feed on different compartments of the lake. This specific 
event of fish introduction represents a unique opportunity to address the effects of 
fish invasion/translocation in pristine systems. It is expected that the presence of A. 
bimaculatus will trigger a trophic cascade effect in Violão lake trough decedent 
effects of predation leading to changes in structure and composition of littoral 
macroinvertebrates and zooplankton, which in turn, can reverberate in changes in 
primary producers. Even though our study lacks replicability of fish effects (i.e. see 
methods) at ecosystem level, but assuming the remarkable similarity in physical, 
chemical, physiographical and geographical conditions between lakes, our main 
objective is to compare Violão and Amendoin lakes and evaluate our results in light 
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of the theoretical expectation from food-web theory, therefore, elucidating the 
possible effects of fish introduction in this kind of aquatic ecosystem. 
Methods 
Study Species and Area 
This study was conducted at Violão and Amendoim lakes, Amazonian 
mesotrophic upland lakes (mean altitude 710m) located at Parauapebas 
municipality, southeastern portion of Carajá’s National Forest – FLONA Carajás 
(06°33′00″ S, 49°53′00″ – 50°45′00″ W), (Fig. 1). Climate in this region is 
characterized by a long rainy season, with average annual rainfall about 2126 mm, 
and annual temperatures ranging from 23.5°C to 16.2°C (Silva et al., 1986). 
FLONA Carajás is an area that comprises a number of peculiar aquatic 
systems, including lakes originated by rainfall accumulation on lateritic soils, 
surrounded by Canga vegetation. The great majority of lakes at this area are 
temporary shallow lakes, without fish and with high levels of vegetation cover 
(Lopes et al., 2011). Within perennial lakes found at the studied area, Amendoim 
and Violão lakes were particularly chosen because of their structural simplicity, 
their geographical proximity (approximately 1.8 km) and because they have 
equivalent geomorphological and limnological characteristics (Table 1). Astyanax 
bimaculatus, an omnivorous native fish species from Amazonian river basin - Pará, 
Brasil, was artificially introduced at Violão lake, an originally fishless lake. Due to 
its feeding plasticity and the absence of natural predators and competitors, this 
species is extremely abundant on this lake. However, A. bimaculatus is completely 
absent in Amendoim lake, a nearby fishless lake. Therefore, Amendoim lake can be 
considered as a reference lake to evaluate the effects and the possible mechanisms 
associated with the introduction of A. bimaculatus on ecological patterns of Violão 
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lake. 
 
Sampling and Data Analysis for structure and composition of biological 
communities 
  Lakes were sampled twice a year from 2010 to 2013. Samples were taken in 
the end of rainy (April) and dry (November) seasons. To compare structure 
(richness and abundance) and composition of biological communities in both lakes, 
quantitative data (individuals abundance) of phytoplankton, zooplankton and littoral 
macroinvertebrates were used. 
For each lake, 1-L water samples were collected from 3 different points 
across the limnetic regions of the lakes and these samples were then integrated in a 
2-L water sample, which was analyzed for phytoplankton chlorophyll- a. For 
phytoplankton and zooplankton samples, a known volume of water was collected 
from the central part of the lakes. For the phytoplankton samples, 100 ml of water 
were collected and fixed with Lugol’s Iodine solution. Zooplankton samples were 
collected by directly taking vertical hauls with a 50 mm plankton net. Samples were 
immediately fixed with 4% formaldehyde. Littoral macroinvertebrates were 
collected using a sieve with 1 mm mesh and 50cm diameter in 5 different areas of 
the littoral zone of each lake. In each of the 5 areas, 5 sieves were performed. Then, 
macroinvertebrates were fixed with 70% alcohol solution, identified and 
enumerated. In the laboratory, phytoplankton and zooplankton individuals were 
identified to the lowest possible taxonomic unit. Phytoplankton species were 
identified and enumerated following sedimentation and with the inverted 
microscope method. The units (cells, colonies and filaments) were enumerated in 
random fields until at least 100 specimens of the most frequent species were 
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counted. Triplicate aliquots of zooplankton samples were counted in a Sedgewick–
Rafter cell under a microscope for rotifers and in an open chamber under a 
stereomicroscope for cladocerans and copepods. At least 100 individuals per aliquot 
were counted. For more detailed information on sampling and identification 
methods of biotic communities see Lopes et al. (2011). 
To access differences in species richness of zooplanktonic, phytoplanktonic 
and littoral macroinvertebrates communities between lakes, rarefaction curves were 
computed using EstimateS (Version 9, R. K. Colwell, http://purl.oclc.org/estimates). 
Graphics were made using GraphPad Prism 5.0. In order to compare total 
abundances of macroinvertebrates, zooplankton and phytoplankton between lakes, 
standardized differences (log ratios with ±95% confidence intervals - CI), were 
calculated for each sampling date (n = 6) between Violão and Amendoin lakes. 
Confidence intervals were calculated through a bootstrap technique with 4999 
iterations. Abundance of phytoplankton was analyzed in terms of individuals/l, but 
also as chlorophyll-a concentration, which is a proxy of phytoplankton biomass. 
Differences between lakes considering each variable were considered statistically 
different if the ±95% CI ´s did not overlap zero.  These data were analyzed using R 
version 3.1.2 (R Development Core Team 2014). Graphics were made using 
GraphPad Prism 5.0.  
To verify differences in communities’ composition of phytoplankton, 
zooplankton and macroinvertebrates between Violão and Amendoim lakes, 
perMANOVAS were performed using Adonis function of Vegan package (Oksanen 
et al., 2015) on R. Differences in composition were analyzed considering both, 
presence/absence (Jaccard similarity matrix) and abundance (Bray-curtis 
dissimilarity matrix) data. Abundance data used to calculate bray-curtis distance 
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was previously log-transformed in order to prevent influence of dominant species in 
the analysis. If a sample presented no species, it was excluded from perMANOVA 
analysis. Non-metric multidimensional scaling (NMDS) with Jaccard similarity 
matrix were performed using standard function metaMDS of vegan package 
(Oksanen et al., 2015) on R version 3.1.2 (R Development Core Team 2014), to 
have a graphic representation of phytoplankton and zooplankton communities 
composition. For littoral macroinvertebrates community, instead of a NDMS a MDS 
was performed to represent community structure. MDS was used because littoral 
macroinvertebrates were generally very scarce and distinct among sampling sites, 
leading to many pairwise dissimilarities fully separated (i.e., dissimilarity 
measure equal to 1). This degenerate situation resulted in multiple converting 
solutions with zero stress using non-metric scaling. Therefore, a metric solution 
would be preferred (Oksanen et al., 2015). For all above analysis singletons (i.e. 
species that occurred in only one sample of dataset with only one individual) were 
excluded. 
 
Seston C:N:P and Fish Excretion Ratio 
Phytoplankton growth rate is usually limited by nutrients (Dzialowski, 2005; 
Beardall et al., 2001; Schindler, 1977) and phosphorus (P) and nitrogen (N) 
limitation can be detected through cellular nutrient ratios (biomass nutrient 
stoichiometry) (Beardall et al. 2001, Hillebrand & Sommer, 1999). Therefore, 
phytoplankton nutrient limitation can be accessed comparing seston C:N:P ratios 
with optimal C:N:P ratios (119:17:1) developed by Hillebrand & Sommer (1999) 
which are similar to Redfield (106:16:1) ratios (Hillebrand & Sommer, 1999, 
Redfield, 1958). Excretion of P and N by fish can act as an important source of 
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nutrients for phytoplankton (Vanni & Layne, 1997; Attayde & Hansson, 
2001;Vanni et al., 2006; McIntyre et al., 2008). If seston is P-limited and fish N:P 
excretion ratio is low, which means high P excretion rate, then fish may act as an 
important supplier of the limiting nutrient to phytoplankton community (Small et 
al., 2011). Thus, to investigate whether A.bimaculatus could contribute via 
descendent effects as a source of nutrients to phytoplankton, seston C:N:P ratios and 
fish nutrient recycling (excretion) ratio were quantified. To estimate C:N:P 
stoichiometric ratios of phytoplankton, water from pelagic portion of Violão lake 
was collected at various depths along photic zone using a Van Dorn Bottle 
and integrated in a 20-L container. Then, samples of 500 ml of water from the 
container were filtered using 0.65µm glass fiber filters (GF/F - Whatman) that were 
previously incinerated.  After that, filters were dried at 60 oC for a minimum of 48 
hours. Samples were taken during dry and rainy season of 2012. Sixteen filters 
(eight for each season) were analyzed for carbon (C) and N with a Perkin-Elmer 
Series 2400 CHN analyzer. To quantify seston P content, five filters for each season 
were individually digested with 3% potassium persulfate to convert particulate P 
to phosphate (PO4
-3) and P concentration were estimated through the acid molybdic 
method according to Suzumara, (2008). 
To determine excretion-mediated nutrient recycling by A.bimaculatus, 
measures of N and P excretion rates and fish body mass were taken during rainy and 
dry seasons of 2012 at Violão lake. Excretion rates were quantified using methods 
described in Vanni et al. (2002). Fish were collected using fishing nets and vertical 
hauls.  Right after capture, fish were weighed alive and immediately placed in 
plastic bags (1–21 individuals per bag, depending on body mass) containing 1 L of 
Violão lake water previously filtered through glass fiber filters (GF/F – Whatman) 
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to remove particles that might absorb nutrients. When multiple animals were 
incubated together, all individuals were of similar size. After one hour, contents of 
bags were filtered to remove feces and other particles. Filtrate samples were 
analyzed manually for ammonia-N using phenol-hypochlorite method (Solorzano, 
1969) and total dissolved P (TDP) using acid-molybidic method after persulphate 
digestion (Suzumara, 2008). Mass specific N and P excretion rates were calculated 
as the change in ammonia-N or TDP per unit time divided by wet mass of animals. 
In total, we measured excretion rates on 25 replicates (bags) in each season. Due to 
logistic limitations in the field we were only able to measure seston C:N:P for 
Violão lake. Although this may weaken our ability to compare both lakes, we could 
still investigate an association between fish excretion and seston nutrient status, a 
characteristic only possible in Violão Lake. Graphics were done in GraphPad Prism 
5.0.   
 
Results 
Although phytoplankton species richness was higher in Violão lake (Fig. 
2a), results of perMANOVA and NMDS showed no differences in community 
composition (F(Bray-curtis)=1.28, df=11, p=0.24, F(Jaccard)=1.17, df=11, p=0.32, Fig. 
3a). Phytoplankton were mainly composed of cyanobacteria of the genus 
Synechocystis in both lakes, representing 93% of species abundance in Amendoim 
lake and almost 60% in Violão lake. No differences were observed for 
phytoplankton abundance in terms of individuals/L (Fig. 4b) however, average 
chlorophyll-a biomass in Violão lake was consistently higher than in Amendoim 
lake (Fig. 4b). 
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Zooplankton species richness was higher at Amendoim lake (Fig. 2b). 
Violão and Amendoim lakes did not differ regarding abundance of individuals when 
considering total zooplankton abundance (Fig. 4b). When abundances of 
zooplanktonic taxonomic groups were analyzed separately (Rotifera, Cladocera and 
Copepoda), no difference between lakes was found for Rotifers, but Cladocerans 
and Copepods presented higher abundance in Violão lake (Fig. 4a). In fact, almost 
no Copepods or Cladocerans were found in Amendoim Lake. Zooplankton 
communities were different concerning species composition between lakes, 
regardless of the distance matrix used (F(Bray-curtis)=1.61, df=11,p=0.04, 
F(Jaccard)=3.99, df=11,p=0.005, Fig. 3b). Rotifers comprised the greater majority of 
species collected in both lakes, representing up to 99% in Amendoim lake and 84% 
in Violão lake. Cladocerans represented 14% of total zooplankton abundance in 
Violão lake and the least representative group were Copepods with only 2%. 
Cladocerans represented only 1% of total abundance in Amendoim lake. 
Amendoim lake presented a clear pattern of higher species richness (Figure 
2c) and abundance (Figure 4b) for littoral macroinvertebrates. PerMANOVAS, 
whether using quantitative or qualitative data, and MDS results showed 
macroinvertebrate community composition was different between the two lakes 
(F(Bray-curtis)=1.59, df=8, p=0.005, F(Jaccard)=2.18, df=8, p=0.001, Fig. 3c). The most 
abundant taxonomic groups which combined comprised 64% of littoral 
macroinvertebrates abundance in Amendoim lake were Dipteran (26%) and 
Hemipterans (38%), while in Violão lake Chelicerata was the most abundant group, 
covering 53% of total macroinvertebrates abundance. 
 Seston C:N:P ratios in Violão lake was on average 302:38:1 at rainy season 
and 529:60:1 at dry season (Table S4 of supplementary material). Phytoplankton 
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growth in Violão lake can be considered exclusively P limited when comparing 
seston C:N:P ratios with ranges of C:N:P ratios that indicate nutrient limitation 
(Figure 5). The stoichiometry (N:P ratio) of the excretion-mediated nutrient 
recycling by A. bimaculatus were much lower than N:P ratio for phytoplankton, 
with average values of  19:1 and 10:1 at rainy and dry seasons, respectively. 
 
Discussion 
Our findings, regarding the differences between the two lakes differing in 
terms of the introduction of a native but historically absent predator fish 
(translocation), corroborate with previous studies reporting particular effects of 
omnivorous fish on the trophic cascade phenomena in pelagic communities (Diehl, 
1993; Vanni et al., 2005; Okun et al., 2008). We also observed that the knowledge 
regarding specific foraging behavior of A. bimaculatus which is more reliant on 
littoral resources corroborates with our results, supporting even further the notion 
that lake differences were driven by fish presence.  
In light of trophic cascade theory (Carpenter et al., 1985), it was expected 
that the presence of a visual predator fish would cause a negative effect on 
zooplankton abundance, but there was no difference on total zooplankton abundance 
between Violão and Amendoim lakes. The trophic cascade theory also predicts 
negligible effects of fish presence on Rotifers (Carpenter et al., 1985), which were 
the dominant zooplankton group in both lakes, possibly dumping any fish effects on 
zooplankton abundance. So, although this pattern may contradict the overall 
expectation of fish-driven differences between lakes, it could be expected due to the 
dominant zooplankton group in both lakes and possibly local adjustment of 
zooplanktonic organism to predation. Even though, Cladocerans and Copepods were 
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present in Violão lake, and virtually absent in the fishless lake. A possible cause for 
absence of Cladocerans and Copepods in Amendoim lake is, as indicated by Hobaek 
and Anderson (2002), that when fish predation is low, macroinvertebrates can 
become important structuring pelagic communities. So their great abundance in 
Amendoim lake has potential to impose a strong predation pressure on zooplankton 
community. In addition, analyses of zooplankton rarefaction curves showed that 
Amendoin Lake is species richer. Despite the small number of samples, when 
rarefaction curves were extrapolated by twice the size of the empirical sample, the 
same pattern was observed (Fig. 6 of Supplementary material). Lopes et al. (2011) 
showed zooplankton and phytoplankton communities of Serra dos Carajás lakes, 
including Violão and Amendoim lakes, are not limited by spatial factors such as 
dispersal. Therefore, zooplankton community composition on those lakes can be 
regulated by a combination of dispersal from regional pool of species with the 
effects of predation, especially from macroinvertebrates, since predator can 
facilitate invasion by members of regional pool trough suppression of competitors 
or intermediate predators, that may buffering the loss of species due to predation 
(Vanni, 1988; Carpenter & Kitchell, 1993; Leibold et al., 1997; Shurin, 2001).  
On the other hand, Cladocerans and Copepods were more abundant on 
Violão lake which imply that at some level they are escaping from fish predation. 
This may be related to fish life habitat, which is more related to littoral zones than 
pelagic zones as reported by Arcifa et al. (1991) that studied species of Astianax on 
Paraná river basin, Paraná – Brazil. Life habitat preferences of A.bimaculatus can 
stimulate behavioral responses related to predation risk on zooplankton, inducing a 
horizontal migration of this community from littoral to limnetic regions of the lake. 
A plausible explanation is that in aquatic systems planktonic organisms can perceive 
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the presence of fish predators trough chemical communication Santangelo et al. 
(2011). Therefore, zooplanktonic individuals can display anti-predator responses to 
reduce predation (Guariento et al., 2014), with slight implications on overall 
zooplankton abundance (Dodson, 1988; de Meester, 1993; Loose et al., 1993, Lass 
& Spak, 2003). However it is worth noting that plankton samples were strictly taken 
on limnetic portions of the lakes, and to assure our predictions, it would be ideal to 
also have plankton samples from littoral region.   
Although phytoplankton species richness was higher at Violão lake, 
communities were not significantly different regarding composition or abundance 
(individuals/L). Higher species richness found at Violão lake can be a result of 
strong dominance of Synechocystis sp. at Amendoim lake. However, despite the fact 
that we could not access the phytoplankton nutrient status of Amendoin Lake, we 
found strong evidence that fishes were contributing for the nutrient recycling in 
Violão Lake. As reported above, the abundance of phytoplankton was not different 
between lakes. A possible limitation of this analysis is that abundance quantification 
as individuals/L was used instead of a biovolume measure, and some studies (Vanni 
& Findlay, 1990; Vanni & Layne, 1997) pointed out that effects of predation on 
phytoplankton community structure and composition is less predictable than 
biomass response. However, when chlorophyll-a was considered the metric for 
quantitative comparisons of phytoplanton, Violão lake showed significantly higher 
phytoplankton biomass. Higher chlorophyll-a in Violão lake may suggests their 
dynamic is controlled by nutrient shortage, as it is common in lower latitudes (Moss 
et al. 2004). Analysis of nutrient ratios showed indeed, phytoplankton in Violão lake 
was limited by phosphorus, especially on dry season. Therefore, higher chlorophyll-
a of phytoplankton in Violão lake can be not an effect of trophic cascade, but rather 
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be derived from availability of nutrients via fish excretion. Since A.bimaculatus N:P 
excretion ratios were low, it implies this fish can excrete P at high rates having 
potential to alleviate phytoplankton P limitation in Violão lake (Vanni & Layne, 
1997; McIntyre et al., 2008, Small et al., 2011).  
The findings presented in this study also show indicatives of strong trophic 
effects of A.bimaculatus translocation on littoral-macroinvertebrates community 
since a very clear difference on species richness, abundance and species 
composition was observed between Violão and Amendoim lakes for this group. 
This phenomenon may be linked to feeding preferences of this species. Studies on 
diet of  Astianax sp. showed this genus usually has its diet composed mainly by 
insects (Arcifa et al., 1991; Esteves & Galetti, 1995).  A.bimaculatus on Violão lake 
is likely feeding preferentially on macroinvertebrates of lake littoral zone, thus 
corroborating our results of weaker top down effects on planktonic communities. 
The acknowledgment of such effect also supports the observed positive effect of 
fish on phytoplankton biomass (chlorophyll-a). The translocation of nutrients from 
the littoral to the pelagic zone (e.g., through macroinvertebrate consumption) has 
been coined as one of the most important pathways of animal nutrient recycling in 
freshwater systems (Vanni, 2002).  
In summary, we found Violão Lake to be very distinct from the fishless lake 
Amendoin across our sampling time span. An important interpretation of our results 
is that the observed differences lie within the description of omnivorous fish effects 
on aquatic ecosystems (Diehl, 1993; Vanni et al., 2005; Okun et al., 2008). The 
trophic effects of A.bimaculatus seems to be more prominent in the littoral habitat in 
the system that this species occurs (Arcifa et al.  1991), which was evident in our 
evaluation as well. Especially regarding the pelagic communities, the differences 
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between lakes were not similar to those usually found in systems that have a similar 
trophic structure (Carpenter et al., 1987; Brett & Goldman, 1996; Schindler & 
Scheuerell, 2002; Ellisa et al., 2011), possibly due to fish omnivorous foraging 
behavior. However, this fish is potentially playing an important role to planktonic 
communities through nutrient recycling, due to translocation of nutrients from the 
littoral to the pelagic zones.  
Conclusion 
While we cannot ensure a relationship of causality of fish presence on 
community structure in Violão lake, due to our lack of replicates regarding 
ecosystem level fish presence, the importance of our findings cannot be dismissed 
(Davies & Gray, 2015). The conjecture leading to our analysis is unique, no other 
lake in the region has suffered introduction of A. bimaculatus and distant lakes may 
accumulate geographical and edaphic differences that may confound any potential 
fish effect.  According to our results, we argue that is pivotal to consider effects of 
translocated fish in studies of species introduction impacts on local biodiversity on 
such unique aquatic ecosystems. Canga ecosystem and their peculiar freshwater 
systems are in state of extreme vulnerability due to iron ore extraction activities 
(Lopes et al., 2011). Carajás is one of the areas that still hold large areas of these 
ecosystems that are not drastically altered. Thus, it is necessary to put efforts on 
studies focusing on factors that play a fundamental role on aquatic communities’ 
composition and diversity in order to assist conservation strategies to reduce their 
biodiversity loss. 
 
Acknowledgments 
27 
 
We gratefully acknowledge Dra. Adriana Monteiro and Dr. Alexandre 
Fadigas (UFRN) as well as all the professors, graduate and post-graduate students 
related to the Aquatic Ecology laboratory from UFRN for comments and critics that 
lead to major contributions on the manuscript. R.N. Nobre is indebted to 
Coordenadoria de Pessoal de Nivel Superior (CAPES – Brazilian Ministry of 
Education) for post-graduate scholarships. A. Caliman and R. L. Bozelli are 
especially thankful to the Brazilian Council of Research and Technology (CNPq-
www.cnpq.br) for continuous funding through Research Productivity Grants. 
This research was financially supported by Companhia Vale and ICMBio.  
 
References 
Agostinho, A. A., S. M. Thomaz & L. C. Gomez, 2005. Conservação da 
biodiversidade em águas continentais do Brasil. Megadiversidade 1(1):70-
78. 
Arcifa, M. S., T. G. Northcote & O. Froehlich, 2009. Interactive ecology of two 
cohabiting characin fishes (Astyanax fasciatus and Astyanax bimaculatus) in 
an eutrophic Brazilian reservoir. Journal of Tropical Ecology 7(02):257 
doi:10.1017/s0266467400005423. 
Attayde, J. L. & L. A. Hansson, 2001. Fish-mediated nutrient recycling and the 
trophic cascade in lakes. Canadian Journal of Fisheries and Aquatic Sciences 
58(10):1924-1931 doi:10.1139/f01-128. 
Balian, E. V., H. Segers, C. Lévèque & K. Martens, 2007. The Freshwater Animal 
Diversity Assessment: an overview of the results. Hydrobiologia 
595(1):627-637 doi:10.1007/s10750-007-9246-3. 
Bascompte, J., C. J. Melian & E. Sala, 2005. Interaction strength combinations and 
28 
 
the overfishing of a marine food web. Proceedings of the National Academy 
of Sciences of the United States of America 102(15):5443-7 
doi:10.1073/pnas.0501562102. 
Beardall, J., E. Young & S. Roberts, 2001. Approaches for determining 
phytoplankton nutrient limitation. Aquatic Science 63:44-65 
Boukal, D. S., 2014. Trait- and size-based descriptions of trophic links in freshwater 
food webs: current status and perspectives. Journal of Limnology 73(1):171-
175 doi:10.4081/jlimnol.2014.826. 
Brett, M. T. & C. Goldman, 1996. A meta-analysis of the freshwater trophic 
cascade. Proceedings of the National Academy of Sciences of the United 
States of America 93:7723-7726. 
Carpenter, S. R. & J. F. Kitchell, 1984. Plankton community structure and limnetic 
primary production. The American Naturalist 124(2):159-172. 
Carpenter, S. R., J. F. Kitchell & J. R. Hodgson,1985. Cascading trophic interaction. 
Bioscience 35(10):634-639. 
Carpenter, S. R., J. F. Kitchell, J. R. Hodgson, P. A. Cochran, J. J. Elser, M. M. 
Elser, D. M. Lodge, D. Kretchmer, X. He & C. N. von Ende, 1987. 
Regulation of lake primary productivity by food web structure. Ecology 
68(6):1863-1876. 
Carpenter, S. R., & J. F. Kitchell, 1993. The trophic cascade in lakes. Cambridge 
University Press, Cambridge, UK. 
Colwell, R. K., 2013. EstimateS: Statistical estimation of species richness and 
shared species from samples. Version 9. User's Guide and application 
published at: http://purl.oclc.org/estimates. 
Davies, G. M. & A. Gray, 2015. Don't let spurious accusations of pseudoreplication 
29 
 
limit our ability to learn from natural experiments (and other messy kinds of 
ecological monitoring). Ecology and Evolution 5(22):5295-5304 
doi:10.1002/ece3.1782. 
de Meester, L., L. J. Weider & R. Tollrian, 1995. Alternative anti-predator defences 
and genetic polymorphism in a pelagic predator–prey system. Nature 
378:483–485. 
Diehl, S., 1993. Relative consumer sizes and the strengths of direct and indirect 
interactions in omnivorous feeding relationships. Oikos 68:151-157. 
Dodson, S. I., 1988. The ecological role of chemical stimuli for the zooplankton: 
predator-avoidance bahavior in Daphnia. Limnology and Oceanography 
33(6):1431–1439. 
Dodson, S., 1992. Predicting Crustacean zooplankton species richness. Limnology 
and Oceanography 37(4):848-856. 
Dudgeon, D., A. H. Arthington, M. O. Gessner, Z. Kawabata, D. J. Knowler, C. 
Leveque, R. J. Naiman, A. H. Prieur-Richard, D. Soto, M. L. Stiassny & C. 
A. Sullivan, 2006. Freshwater biodiversity: importance, threats, status and 
conservation challenges. Biological reviews of the Cambridge Philosophical 
Society 81(2):163-82 doi:10.1017/S1464793105006950.  
Dzialowski, A. R., 2005. Nutrient limitation of phytoplankton growth in central 
plains reservoirs, USA. Journal of Plankton Research 27(6):587-595 
doi:10.1093/plankt/fbi034.  
Ellisa, B. K., J. A. Stanforda, D. Goodmanc, C. P. Staffordb, D. L. Gustafsonc, D. 
A. Beauchampd, D. W. Chesse, J. A. Crafta, M. A. Delerayf & B. S. 
Hanseng, 2011. Long-term effects of a trophic cascade in a large lake 
ecosystem. Proceedings of the National Academy of Sciences of the United 
30 
 
States of America 108(3):1070–1075. 
Esteves, K. E. & P. M. Galleti Jr., 1995. Food partitioning among some characids of 
a small Brazilian floodplain lake from the Parana River basin. 
Environmental Biology of Fishes 42:375-389. 
Heino, J., R. Virkkala & H. Toivonen, 2009. Climate change and freshwater 
biodiversity: detected patterns, future trends and adaptations in northern 
regions. Biological reviews of the Cambridge Philosophical Society 
84(1):39-54 doi:10.1111/j.1469-185X.2008.00060.x. 
Guariento, R. D., B. Luttbeg, T. Mehner & F. A. Esteves, 2014. The effect of 
predation pressure and predator adaptative foraging on the relative 
importance of consumptive and non-consumptive predator net effects in a 
freshwater model system. Oikos 123:705-713. 
Hillebrand, H. & U. Sommer, 1999. The nutrient stoichiometry of benthic 
microalgal growth: Redfield proportions are optimal. Limnology and 
Oceanography 44(2):440-446. 
Hobæk, A. & M. M. Andersen, 2002. Factors influencing species richness in 
lacustrine zooplankton. Acta Oecologica 23(2002):155–163. 
James, J., F. M. Slater, I. P. Vaughan, K. A. Young & J. Cable, 2015. Comparing 
the ecological impacts of native and invasive crayfish: could native species' 
translocation do more harm than good? Oecologia 178(1):309-16 
doi:10.1007/s00442-014-3195-0.  
Jeppesen, E., M. Meerhoff, K. Holmgren, I. González-Bergonzoni, F. Teixeira-de 
Mello, S. A. J. Declerck, L. De Meester, M. Søndergaard, T. L. Lauridsen, 
R. Bjerring, J. M. Conde-Porcuna, N. Mazzeo, C. Iglesias, M. Reizenstein, 
H. J. Malmquist, Z. Liu, D. Balayla & X. Lazzaro, 2010. Impacts of climate 
31 
 
warming on lake fish community structure and potential effects on 
ecosystem function. Hydrobiologia 646(1):73-90 doi:10.1007/s10750-010-
0171-5.  
Lass, S. & P. Spaak, 2003. Chemically induced anti-predator defences in plankton: a 
review. Hydrobiologia 491:221-239. 
 Leibold, M. A., J. M. Chase, J. B. Shurin, & A. L. Downing, 1997. Species 
turnover and the regulation of trophic structure. Annual Review of Ecology 
and Systematics 28:467– 494. 
Loose, C. J., E. von Elert & P. Dawidowicz, 1993. Chemically– induced diel 
vertical migration in Daphnia – a new bioassay for kairomones exuded by 
fish. Archiv fur Hydrobiologie 126:329–337. 
Lopes, P. M., A. Caliman, L. S. Carneiro, L. M. Bini, F. A. Esteves, V. Farjalla & 
R. L. Bozelli, 2011. Concordance among assemblages of upland Amazonian 
lakes and the structuring role of spatial and environmental factors. 
Ecological Indicators 11(5):1171-1176 doi:10.1016/j.ecolind.2010.12.017.  
Matsuzaki, S.-i. S., T. Sasaki & M. Akasaka, 2013. Consequences of the 
introduction of exotic and translocated species and future extirpations on the 
functional diversity of freshwater fish assemblages. Global Ecology and 
Biogeography 22(9):1071-1082 doi:10.1111/geb.12067.  
McIntyre, P. B., A. S. Flecker, M. J. Vanni, J. M. Hood, B. W. Taylor & S. A. 
Thomas, 2008. Fish distributions and nutrient cycling in streams: can fish 
create biogeochemical hotspots? Ecology 89(8):2335–2346. 
Menezes, R. F., J. L. Attayde & F. Rivera Vasconcelos, 2010. Effects of 
omnivorous filter-feeding fish and nutrient enrichment on the plankton 
community and water transparency of a tropical reservoir. Freshwater 
32 
 
Biology 55(4):767-779 doi:10.1111/j.1365-2427.2009.02319.x.  
Menezes, R. F., J. L. Attayde, G. Lacerot, S. Kosten, L. Coimbra e Souza, L. S. 
Costa, E. H. Van Nes & E. Jeppesen, 2011. Lower biodiversity of native fish 
but only marginally altered plankton biomass in tropical lakes hosting 
introduced piscivorous Cichla cf. ocellaris. Biological Invasions 14(7):1353-
1363 doi:10.1007/s10530-011-0159-8.  
Miller, R. R., J. D. Williams, & J. E. Williams, 1989. Extinctions of North 
American fishes during the past century. Fisheries 14(6):22-38. 
Moss, B., D. Stephen, D. M. Balayla, E. Bécares, S. E. Collings, C. Fernández-
Aláez, M. Fernández-Aláez, C. Ferriol, P. García, J. Gomá, M. Gyllström, 
L.-A. Hansson, J. Hietala, T. Kairesalo, M. R. Miracle, S. Romo, J. Rueda, 
V. Russell, A. Ståhl-Delbanco, M. Svensson, K. Vakkilainen, M. Valentín, 
W.J. Van de Bund, E. Van Donk, E. Vicente & M. J. Villena, 2004. 
Continental-scale patterns of nutrient and fish effects on shallow lakes: 
synthesis of a pan-European mesocosm experiment. Freshwater Biology 
49:1633-1649.  
Moyle, P. B., 1976. Fish introduction in California: History and impact on native 
fishes. Biological Conservation 9(2):101–118. 
Murphy, J. & J.P. Riley,1962. A modified single solution method for the 
determination of phosphate in natural waters. Analytica Chimica Acta, 
27:31–36 . 
Oksanen, J., F. G. Blanchet, R. Kindt, P. Legendre, P. R. Minchin, R. B. O'Hara, G. 
L. Simpson, P. Solymos, M. H., H. Stevens & H. Wagner, 2015. vegan: 
Community Ecology Package. R package version 2.3-0.http://CRAN.R-
project.org/package=vegan. 
33 
 
Okun, N., J. Brasil, J. L. Attayde & I. A. S. Costa, 2008.Omnivory does not prevent 
trophic cascades in pelagic food webs. Freshwater biology 53:129-138 
Paolucci, E. M., H. J. MacIsaac, A. Ricciardi & D. Mark Richardson, 2013. Origin 
matters: alien consumers inflict greater damage on prey populations than do 
native consumers. Diversity and Distributions 19(8):988-995 
doi:10.1111/ddi.12073.  
Polis, G.A. and R.D. Holt, 1992. Intraguild predation: the dynamics of complex 
trophic interactions. Trends in Ecology and Evolution 7:151-155. 
Rahel, F. J., 2000. Homogenization of fish faunas across the United States. Science 
288:854-856. 
 Redfield, A. C., 1958. The biological control of chemical factors in the 
environment. American Scientist 46:205-221. 
Ricciardi, A. & H. J. MacIsaac, 2011. Impacts of biological Invasions on freshwater 
ecosystems - Fifty years of invasion ecology: The legacy of Charles Elton, 
vol 1, 1 edn. Blackwell Publishing Ltd. 
Sala, O. E., F. S. C. III, J. J. Armesto, E. Berlow, J. Bloomfield, R. Dirzo, E. Huber-
Sanwald, L. F. Huenneke, R. B. Jackson, A. Kinzig, R. Leemans, D. M. 
Lodge, H. A. Mooney, M. ı. Oesterheld, N. L. Poff, M. T. Sykes, B. H. 
Walker, M. Walker & D. H. Wall, 2000. Global Biodiversity Scenarios for 
the Year 2100. Science 287:1770-1774. 
Salazar Torres, G., L. H. S. Silva, L. M. Rangel, J. L. Attayde & V. L. M. Huszar, 
2015. Cyanobacteria are controlled by omnivorous filter-feeding fish (Nile 
tilapia) in a tropical eutrophic reservoir. Hydrobiologia doi:10.1007/s10750-
015-2406-y. 
Santangelo, J. M., F. A. Esteves, R. Tollrian, R.L. Bozelli, 2011. A small-bodied 
34 
 
cladoceran (Moina micrura) reacts more strongly to vertebrate than 
invertebrate predators: a transgenerational life-table approach. Journal of 
Plankton Research, 33(11): 1767-1772. 
 Schindler, D. W., 1977. Evolution of Phosphorus Limitation in Lakes. Science 
195(4275):260-262. 
Schindler, D.E., J.F. Kitchell, X, He, S.R. Carpenter, J.R. Hodgson & K.L. 
Cottingham, 1993. Food web structure and phosphorus cycling in lakes. 
Transactions of the American Fisheries Society 122(5): 756–772. 
Schindler D.E., M. Scheuerell, 2002. Habit coupling in lake ecosystems. Oikos 
98(2):117–189 doi: 10.1034/j.1600-0706.2002.980201.x. 
Shurin, J. B., 2001. Interactive Effects Of Predation And Dispersal On Zooplankton 
Communities. Ecology 82(12):3404-3416. 
Silva, M.F.F., N.L. Menezes, P.B. Cavalcante, C. Joly, 1986. Estudos botânicos: 
histórico, atualidade e perpectivas. Carajás: Desafio Político, Ecologia e 
Desenvolvimento. Brasiliense; Brasília, CNPq, São Paulo, pp. 184–207. 
Small, G. E., C. M. Pringle, M. Pyron & J. H. Duff, 2011. Role of the fish Astyanax 
aeneus (Characidae) as a keystone nutrient recycler in low-nutrient 
Neotropical streams. Ecology 92(2):386–397. 
Solorzano, L., 1969. Determination of ammonia in natural waters by the phenol 
hypochlorite method. Limnology and Oceanography 14:799–801. 
Strayer, D. L. & D. Dudgeon, 2010. Freshwater biodiversity conservation: recent 
progress and future challenges. Journal of the North American Benthological 
Society 29(1):344-358 doi:10.1899/08-171.1. 
 Suzumura, M., 2008. Persulfate chemical wet oxidation method for the 
determination of particulate phosphorus in comparison with a high-
35 
 
temperature dry combustion method. Liminology and Oceanography 
Methods 6:619–629. 
Thompson, R. M., M. Hemberg, B. M. Starzomski & J. B. Shurin, 2007. Trophic 
levels and trophic tangles: The prevalence of omnivory in real food webs. 
Ecology 88(3): 612–617. 
Vanni, M. J., 1988. Freshwater zooplankton community structure: introduction of 
large invertebrate predators and large herbivores to a small-species 
community. Canadian Journal of Fisheries and Aquatic Science 
45(10):1758-1770. 
Vanni, M. J. & D. L. Findlay, 1990. Trophic cascades and phytoplankton 
community structure. Ecology 71(3):921-937. 
Vanni, M. J. & C. D. Layne, 1997. Nutrient Recycling and Herbivory as 
Mechanisms in the Top-Down of fish on algae in lakes. Ecology 78(1):21-
40. 
Vanni, M. J., 2002. Nutrient Cycling by Animals in Freshwater Ecosystems. Annual 
Review of Ecology and Systematics 33(1):341-370 
doi:10.1146/annurev.ecolsys.33.010802.150519. 
 Vanni, M. J., A. S. Flecker, J. M. Hood & J. L. Headworth, 2002. Stoichiometry of 
nutrient recycling by vertebrates in a tropical stream: linking species identity 
and ecosystem processes. Ecology letters 5:285–293. 
M.J. Vanni, K.K. Arend, M.T. Bremigan, D.B. Bunnell, J.E. Garvey, M.J. 
González, W.H. Renwick, P.A. Soranno & R. A. Stein, 2005. Linking 
Landscapes and Food Webs: Effects of Omnivorous Fish and Watersheds on 
Reservoir Ecosystems. Bioscience 55(2):155-167. 
Vanni, M. J., A. M. Bowling, E. M. Dickman, R. S. Hale, K. A. Higgings, M. J. 
36 
 
Horgan, L. B. Knoll, W. H. Renwick & R. A. Stein, 2006. Nutrient cycling 
by fish supports relatively more primary production as lake productivity 
increases. Ecology 87(7):1696–1709. 
Zaret, T. M. & R. T. Paine, 1973. Species Introduction in a Tropical Lake. Science 
182(4111):449-455.
37 
 
 
Table 1: Abiotic characterization (mean, ±SD and number of replicates) of Violão and Amendoim Lakes for 
abiotic variables sampled twice a year from 2010 to 2013. 
Abiotic Variables Violão Lake Amendoim Lake 
Area 29.6 ha 13.96 ha 
Height 735 m 713m 
Depth (maximum) 11.5 m 7.8 m 
Temperature 27.02 °C ± 0.28 (6) 26.42 °C ± 0.52 (6) 
pH 5.51 ± 0.31 (6) 5.23 ± 0.34 (6) 
Turbidity 3.30 ± 0.34 (6) 2.17 ± 1.10 (6) 
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Figure Captions: 
 
Figure 1 – Amendoim lake (reference lake) and Violão lake, located at southern portion of Carajás National 
Florest, Pará/Brazil. 
 
Figure 2 - Rarefaction curves for species richness comparisons of (a) phytoplankton, (b) zooplankton and 
(c) littoral macroinvertebrates communities between Amendoim (grey dots) and Violão (white dots) lakes. 
Bars depict 95% confidence intervals.   
 
Figure 3 - Nonmetric Multidimensional Scaling (NMDS) plots based on Jaccard similarity matrix 
contrasting (a) phytoplankton and (b) zooplankton species composition in Violão and Amendoim lakes. 
Numbers indicate the species scores for the plot. (c) Multi-dimensional scaling (MDS) plot based on Jaccard 
similarity matrix of macroinvertebrates communities. Species identifications are available on tables S1, S2 
and S3 of supplementary material.   
Figure 4 – Effect sizes (mean ±95% CI, n = 6) calculated as the standardized log response ratio for (a) 
abundances of zooplankters groups and (b) for abundances of littoral invertebrates, total zooplankton and 
phytoplankton and for phytoplankton chlorophyll-a. Individual effect sizes were calculated for each 
response variable and for each sampling date as log response ratio considering a given value of a response 
variable in Violão lake as the treatment (i.e. numerator) and the respective value of the same response 
variable in Amendoim lake as the control (i.e. denominator). Therefore, positive values indicate a greater 
effect on Violão lake compared to Amendoim lake. Effect sizes are statistically significant when their ±95% 
CI did not overlap zero (i.e. the dotted line). 
 
Figure 5 - C:N:P molar ratios for seston and N:P molar ratios for  A.bimaculatus excretion rates in Violão 
Lake measured at dry and rainy seasons of 2012. Lines are optimal C:N:P ratios for periphyton growth 
(119:17:1), which can be applied for phytoplankton, derived from Hillebrand & Sommer (1999).Grey areas 
indicate nutrient limitation of phytoplankton growth. Grey area in (a) depicts high C:P values in 
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combination with high N:P values indicating phytoplankton P limitation. Grey area in (b) depicts high C:N  
values in combination with low N:P values indicating phytoplankton N limitation. Error bars are ±SD. 
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Table S1 – Presence and Absence of Macroinvertebrates species at Violão and Amendoim Lake 
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Lake
Year
Season Dry Rainy Dry Rainy Dry Rainy Dry Rainy Dry Rainy Dry Rainy
Specie ID
 Ephemeroptera
Callibaetis sp. 1 x x x
Cloeodes sp. 2 x x x x
Odonata
Acanthagrion sp. 1 3 x x x x x
Coenagrionidae 1 4 x
Erythrodiplax sp. 1 5 x x x
Idiataphe sp. 6 x x
Ischnura sp. 7 x
Lestes bipupillatus Calvert, 1909 8 x x
Lestes sp. 1 9 x x
Lestidae 10 x
Micrathyria sp. 1 11 x x
Telebasis sp. 2 12 x
Tramea sp. 13 x x
 Hemiptera 
Ambrysus sp. 14 x x x x x
Ambrysus ståli La Rivers, 1962 15 x
Belostoma sp. 1 16 x x x x
Buenoa fuscipennis 17 x x
Buenoa platycnemis (Fieber, 1851) 18 x x x x
Martarega sp. 19 x
Martarega sp. nov. 1 20 x
Martarega uruguayensis 21 x x
Notonecta disturbata Hungerford, 1926 22 x
Ranatra sp. 1 23 x x x
Tenagobia sp. 1 24 x x
Tenagobia sp. 2 25 x x
Trichoptera
Oecetis sp. 26 x x x x
Coleoptera
Claudiella sp. 27 x
Coleoptera 28 x
Laccophilus sp. 1 29 x
Diptera
Culex sp. 30 x
Culicidae pupa 31 x
Culicinae 1 32 x
Chelicerata
Acari 33 x
2010-2011 2011-2012 2012-2013
Violão Amendoim
2010-2011 2011-2012 2012-2013
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Table S2– Presence and Absence of Zooplankton species at Violão and Amendoim lakes.  
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Lake
Year 2010-2011 2010-2011 2011-2012 2011-2012 2012-2013 2012-2013 2010-2011 2010-2011 2011-2012 2011-2012 2012-2013 2012-2013
Season Dry Rainy Dry Rainy Dry Rainy Dry Rainy Dry Rainy Dry Rainy
Specie ID
ROTIFERA
Brachionidae
Anuraeopsis cf. navicula Rousselet, 1910 1 x x x x x x x x x
Bdelloidea 
Bdelloidea sp.1 2 x
Bdelloidea sp.8 3 x
Dicranophoridae
Dicranophorus sp. 4 x x
Gastropodidae
Ascomorpha agilis Zacharias, 1893 5 x x x x
Gastropus sp. 2 6 x x x
Lecaniidae
Lecane cf. eutarsa Harring & Myers, 1926 7 x
Lecane furcata Murray, 1913 8 x
Lecane hornemanni Ehrenberg, 1834 9 x
Lecane ludwigii Eckstein, 1883 10 x x
Lecane quadridentata Ehrenberg, 1832 11 x
Lecane signifera Jennings, 1896 12 x x x x x x
Lepadellidae
Lepadella cf. patella Müller, 1786 13 x
Notommatidae
Cephalodella gibba Ehrenberg, 1832 14 x
Monommata sp. 15 x
Synchaetidae
Polyarthra dolichoptera Idelson, 1925 16 x x x x x x x x x x
Synchaeta sp. 17 x
Testudinellidae
Testudinela ohlei Koste, 1972 18 x
Trichocercidae
Trichocerca cf. bidens Lucks, 1912 19 x
Trichocerca insignis Herrick, 1885 20 x x x
Trichocerca pusilla Lauterborn, 1898 21 x x x x x x x x x
Trichocerca similis Wierzejski, 1893 22 x x x x
Trichotriidae
Macrochaetus collinsi Gosse, 1867 23 x
CLADOCERA
Bosminidae
Bosminopsis deitersi Richard, 1895 24 x x x x x x
Chydoridae
Alona cf. intermedia Sars, 1862 25 x
Alona ossiani Sinev, 1998 26 x
Chydorus pubescens Sars, 1901 27 x
Ephemeroporus barroisi Richard, 1894 28 x x
Sididae
Diaphanosoma birgei Korineck, 1981 29 x x x x x x x
Pseudosida ramosa Daday, 1904 30 x
COPEPODA
Cyclopidae
Mesocyclops longisetus longisetus Thiébaud, 1914 31 x
Microcyclops finitimus Dussart, 1984 32 x x
Tropocyclops nananae Reid, 1991 33 x x x x x
Violão Amendoim
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Table S3 – Presence and Absence of Phytoplankton species at Violão and Amendoim lakes.  
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Lake
Year
Season Dry Rainy Dry Rainy Dry Rainy Dry Rainy Dry Rainy Dry Rainy
Specie ID
Bacillariophyceae
EunotIa sp.10 1 x
Navicula sp.6 2 x
Chloropyceae
Botryococcus sp.1 3 x x
Chlorella vulgaris 4 x x x x
Desmodesmus maximus 5 x
Dictyosphaerium ehrenbergianum 6 x
Eutetramorus planctonicus 7 x
Koliella longiseta f. variabilis 8 x x
Monoraphiidum griffithi 9 x
Monoraphidium minutum 10 x x
Sphaerocystis sp.1 11 x
Cyabophyceae
Aphanocapsa elachista 12 x x
Aphanocapsa planctonica 13 x x
Aphanotece smithii 14 x
Geitlerinema amphibium 15 x
Lyngbya putealis 16 x
Phormidium puteale 17 x
Planktolyngbya cf. crassa 18 x
Synechococcus nidulans 19 x x
Synechococcus sp.1 20 x
Synechocystis aquatilis 21 x x x x x
Synechocystis sp.1 22 x x x x
Synechocystis sp.2 23 x x
Dinophyceae
Dinophyceae 3 24 x
Dinophyceae 8 25 x x x
Dinophyceae 11 26 x
Gymnodinium sp.2 27 x
Gymnodinium sp.3 28 x
Peridinium africanum 29 x x
Peridinium sp.3 30 x
Peridinium sp.4 31 x
Peridinium sp.7 32 x
Euglenophyceae
Trachelomonas volvocinopsis 33 x x x x
 Ulothricophyceae
Ulothrix tenerrima 34 x
Zygnemaphyceae
Actinotaenium wollei 35 x x
Closterium cynthia 36 x
Cosmarium contractum 37 x
Cosmarium depressum 38 x
Cosmarium punctulatum 39 x x x
Cosmarium sp. 12 40 x x
Desmidiaceae 3 41 x
Desmidium sp.2 42 x x
Staurastrum branchiatum 43 x
Staurodesmus incus 44 x x x
Staurodesmus sp.4 45 x
Staurodesmus spencerianus 46 x x
Staurodesmus spinarianus 47 x
Xanthidium sp.1 48 x
2012-2013
AmendoimViolão
2010-2011 2011-2012 2012-2013 2010-2011 2011-2012
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Table S4: Seston C:N:P ratios and fish recycling N:P ratios (mean, ±SD and number 
of replicates) measured in 2012 at Violão Lake. 
Nutrient Ratios 
Seston Rainy Season (April) Dry Season (November) 
C:P 302.17  ̶  ±35.32  ̶  8 529.04 ± 106.32 (8) 
C:N 8   ̶ ±0.58   ̶ 8 8.90 ± 1.85 (8) 
N:P (38.09) (±6.22) (8) 60.32 ± 11.70 (8) 
Fish Excretion   
N:P 19.33  ̶  ±14.50  ̶  25 9.59  ± 3.01 (25) 
Redfield (1958) C:N:P 106:16:01 
Hillebrand & Sommer (1999) C:N:P 119:17:01 
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Figure 6 - Rarefaction curves, extrapolated by a factor of 2, for species richness 
comparisons of (a) phytoplankton, (b) zooplankton and (c) littoral macroinvertebrates 
communities between Amendoim (grey dots) and Violão (white dots) lakes. Bars 
depict 95% confidence intervals.   
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